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(57) Acalcium zinc phosphate-type coatingis formed
on at least one of those surfaces of an inner ring, an outer
ring and rolling elements (balls) and further a cage (if the
cage is used) (which form a touchdown bearing) contact-
ing other members, and further a molybdenum disulfide
coating is formed thereon. By doing so, the adhesion of

FIG. 3

the molybdenum disulfide coating is enhanced by micro-
scopic pits and projections due to crystal grains on the
surface of the calcium zinc phosphate-type coating, and
also even whenthe molybdenum disulfide coatingis worn
out, the wearing-out of a substrate can be suppressed
by the lubricating ability of the calcium zinc phosphate-
type coating underlying it.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a touchdown
bearing for protecting a rotor, supported by magnetic
bearings in a turbo-molecular pump, at the time of stop
of the rotation or at the time of abnormal rotation.

BACKGROUND ART

[0002] In turbo-molecular pumps, there has been ex-
tensively used a construction in which a rotor having ex-
haust blades is supported in a non-contact manner by
magnetic bearings. Its example is shown in Fig. 4 by way
of a cross-sectional view. In this example, fixed blades
11 are arranged on an inner periphery of a case 10, and
also a rotary shaft 13 having rotary blades 12 fixed to an
outer periphery thereof is rotatably disposed within this
case 10. Rotation is imparted to this rotary shaft 13 by
an electricmotor 14, andin its rotating condition the rotary
shaft 13 is supported in a magnetically floated condition
in a non-contact manner by two radial magnetic bearings
15, 16 disposed in proximity to an outer peripheral sur-
face of the rotary shaft 13 and a pair of axial magnetic
bearings 17 disposed respectively at upper and lower
sides of a flange portion 13a formed integrally with the
rotary shaft 13. Incidentally, in the drawing, 9 denotes an
intake port, and 8 denotes an exhaust port.

[0003] Also, full complement ball bearing 21 with one
deep groove and a pair of angular contact ball bearings
22 which are combined together in such a manner that
their angular contact directions are reversedto each oth-
er are disposed as touchdown bearings within the case
10. Thesetouchdownbearings 21, 22 are rolling bearings
for protecting the rotary shaft 13 from damage caused
by contact with the radial magnetic bearings 15, 16 and
the axial magnetic bearing 17 at the time of stop of the
rotary shaft 13 and at the time of occurrence of a control
abnormality, and aclearance slightly smallerthan aclear-
ance between the rotary shaft 13 and each of the mag-
netic bearings 15, 16 and 17 is provided between the
outer peripheral surface of the rotary shaft 13 and an
inner peripheral surface of an inner ring of each of the
touchdown bearings 21, 22. With this arrangement, in a
condition in which the rotary shaft 13 is rotatably support-
ed in a magnetically floated condition by the magnetic
bearings 15, 16 and 17, the rotary shaft 13 is held in a
non-contact condition relative to each touchdown bear-
ing 21, 22. However, at the time of stop of the rotary shaft
13 or at the time of occurrence of a control abnormality
due to an influence of an external force or the like, the
rotary shaft 13 contacts the inner rings of the touchdown
bearings 21, 22 and is rotatably supported by them before
the rotary shaft 13 contacts the magnetic bearings 15,
16 and 17.

[0004] Incidentally, although the foregoing shows the
example in whichthe innerrings serve as the rotary rings,
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there is known a structure in which a tubular rotor with
rotary blades is used, and touchdown bearings are dis-
posed within this tubular rotor. In this structure, outer
rings of the touchdown bearings are disposed on aninner
peripheral surface of the tubular rotor through a prede-
termined clearance, and the inner peripheral surface of
the rotor contacts outer peripheral surfaces of the outer
rings of the touchdown bearings at the time of stop of the
rotor or atthe time of occurrence of a control abnormality,
so that the rotor is rotatably supported.

[0005] Intheabovetouchdownbearingsinthe vacuum
pump, in many cases, ceramics or stainless steel such
as SUS440C is used as a material for rolling elements
(balls), and similar stainless steel such as SUS440C or
bearing steel such as SUJ2 is used. And, in view of the
environment in which it is used, lubricating oil can not be
used, andtherefore a coating composed of any of various
solid lubricants including as a representative example
molybdenum disulfide is formed on at least one of the
surfaces of these members contacting other members
(see, for example, Patent Literature 1).

[0006] Here, in this kind of touchdown bearing, the du-
rability of the coating of the solid lubricant whose repre-
sentative example is molybdenum disulfide determines
the durability of the bearing itself. Therefore, in order to
enhance the adhesion of molybdenum disulfide to a sub-
strate, a processing for forming microscopic pits and pro-
jections on a surface by shot blasting or the like is con-
ventionally usually effected as an undercoat processing
for the molybdenum disulfide coating.

[0007] With respect to balls, an Ag ion-plated coating
orthe like serving as a solid lubricant coating is adopted.
Patent Literature 1: JP-A-2002-221226 Publication

DISCLOSURE OF THE INVENTION
PROBLEM THAT THE INVENTION IS TO SOLVE

[0008] By the way, in the conventional structure in
which the pits and projections are applied by shot blast-
ing, and then the coating of the solid lubricant such as
molybdenum disulfide is formed as described above,
when the solid lubricant such as molybdenum disulfide
is worn out from the surface by repeated touchdown, this
triggers accelerating damage of the bearing, and as a
result there were sometimes encountered cases where
the expected durability could not be secured.

[0009] Furthermore, particularly in the full complement
ball bearing, the Ag ion-plated coating formed on the sur-
faces of the balls has a problem that it has a poor wear
resistance since the balls, while pressed against each,
rub against each other. Here, in the case where ceramics-
made balls are used, a satisfactory lifetime is obtained,
but the cost is high, and besides in the case of using the
balls made of ceramics which is a non-magnetic sub-
stance, there often develops an undesirable situation in
which the rotary ring of the touchdown bearing is dragged
by a magnetic field produced by a magnetic bearing ex-



3 EP 1 818 553 A1 4

cept at the time of touchdown, that is, when the rotor is
not contacted with the rotary ring of the touchdown bear-
ing, and in some cases, it can not be used.

[0010] The present invention has been made in view
of the above circumstances, and its main object is to pro-
vide a touchdown bearing whose durability can be en-
hanced as compared with a conventional one in which a
solid lubricant coating is formed on a surface of stainless
steel or bearing steel and with a conventional one in
which a metal solid lubricant is ion-plated.

[0011] Also, another object of the present invention is
to provide atouchdown bearing in which the above-men-
tioned drag phenomenon is prevented while obtaining
the durability generally equivalent to that of a conven-
tional one using ceramics-made balls, and also the cost
can be reduced.

MEANS FOR SOLVING THE PROBLEM

[0012] A touchdown bearing of the present invention
is used in a turbo-molecular pump having a rotor sup-
ported by a magnetic bearing, in which only at the time
of stop of the rotor or at the time of abnormal rotation, an
inner ring or an outer ring contacts the rotor to support
this rotor, and the touchdown bearing is characterized in
that a calcium zinc phosphate-type coating is formed on
at least one of the surfaces of members (that is, an inner
ring, an outer ring and rolling elements (balls) and further
a cage (if the cage is used)) which form the bearing and
contact other members, and further a molybdenum di-
sulfide coating is formed thereon.

[0013] Here,inthe presentinvention,there can be suit-
ably adopted a construction in which the balls among the
members forming the bearing are high speed tool steel
or bearing steel, and the calcium zinc phosphate-type
coating is formed on their surfaces, and further the mo-
lybdenum disulfide coating is formed thereon.

[0014] Furthermore,inthe presentinvention, there can
be adopted a construction in which the inner ring and/or
the outer ring among the members forming the bearing
are high speedtool steel or bearing steel, andthe calcium
zinc phosphate-type coating is formed on a raceway sur-
face thereof, and further the molybdenum disulfide coat-
ing is formed thereon.

[0015] The present invention seeks to solve the prob-
lem, utilizing heat resistance of the calcium zinc phos-
phate-type coating among chemical conversion coatings
and its ability to easily maintain the roundness (spheric-
ity) due to the ability of controlling a coating thickness in
combination with the lubricating ability originally pos-
sessed by the chemical conversion coating and the ad-
hesion of the molybdenum disulfide coating due to pits
and projections formed by crystal grains on the surface
of the coating.

[0016] Namely, when the calcium zinc phosphate-type
coating is formed, and further the molybdenum disulfide
coating is formed thereon, the adhesion thereof is en-
hanced by the microscopic pit and projections on the sur-
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face of the calcium zinc phosphate-type coating as com-
pared with the case where microscopic pits and projec-
tions are merely physically formed on the substrate by
shot blasting or the like. Also, the durability is enhanced
as compared with the case where metal with the lubri-
cating ability such as Ag ision-plated. Furthermore, even
after the molybdenum disulfide coating is worn out, the
calcium zinc phosphate-type coating covers the metal
surface, and therefore abrupt damage due to metal con-
tact will not occur, and therefore the durability of the bear-
ing is much more enhanced as compared with conven-
tional ones.

[0017] And, the calcium zinc phosphate-type coating
can be more easily controlled to a small coating thickness
as compared with other chemical conversion coatings
such as a manganese phosphate-type coating, and the
roundness and sphericity of the substrate can be easily
maintained, and also when it is used at high temperature
inavacuum, the decay of crystallization water in the coat-
ing is gentle, and even when it is used as an undercoat
processing coating for each member of the touchdown
bearing, an abrupt deterioration of the coating will not
occur, and the durability can be secured also in this re-
spect. Here, the formation of a calcium zinc phosphate-
type coating on stainless steel is difficult, but even when
a material liable to rust such as bearing steel or high
speedtool steel is used as the substrate, a sufficient cor-
rosion resistance can be obtained by the calcium zinc
phosphate-type coating.

[0018] Furthermore, the balls are made of high speed
tool steel or bearing steel, and the calcium zinc phos-
phate-type coating and the molybdenum disulfide coat-
ing are formed on their surfaces, and by doing so, even
when the ball and the ball contact hard each other in a
full complement ball bearing, the sufficient lubricating
ability can be maintained for a long period of time, and
the balls substituting for ceramics-made balls contribute
to the reduction of the cost.

[0019] SKH4, M50 (AlSI Standard) having heat resist-
ance, etc., are given as examples of the high speed tool
steel used for the innerring, the outer ring and the rolling
elements, and SUJ2, etc., are given as an example of
the bearing steel.

[0020] Furthermore, in the present invention, it is pre-
ferred that the material of the balls which is an obstacle
to the durability of the bearing be high speed tool steel
which is a metal material having high hardness at high
temperature.

[0021] Namely, the hardness of high speed tool steel
(whose representative example is SKH4) at tempera-
tures of 200 to 300°C (which the temperature of the balls
is expectedto reach atthe time of touchdown inthe touch-
down bearing) is about 5 to 15 HRC higher as compared
with bearing steel whose representative example is SUJ2
and stainless steel whose representative example is
SUS440C. Therefore, premature damage which is due
to heat generated by the friction with the bearing rings
caused by abrupt acceleration at the time of touchdown
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and is also due to heat generated by the friction between
the balls in the case of the full complement ball bearing
can be prevented from occurring. SKH4, M50 (AISI
Standard) having heat resistance, etc., are given as ex-
amples of the high speed tool steel used for the balls.
[0022] And, high speed tool steel and bearing steel are
magnetic materials, and therefore magnetic flux due to
a magnetic field produced by a nearby magnetic bearing
reaches the fixed ring via the rotary ring and the balls,
and therefore the drag of the rotary ring will not occur at
the time of non-touchdown. Also, the undercoat process-
ing for the solid lubricant coating is easy, and besides
the increase of the cost can be suppressed.

ADVANTAGES OF THE INVENTION

[0023] In the present invention, the adhesion of the
molybdenum disulfide is enhanced as compared with the
case where microscopic pits and projections are merely
applied by shot blasting or the like for the undercoat
processing for the molybdenum disulfide, and besides
even when the molybdenum disulfide is worn out by re-
peated touchdown, the wear resistance is maintained
since the calcium zinc phosphate-type coating is formed
under it, and the durability of the bearing is enhanced,
and also the cost can be reduced as compared with the
case where an Ag ion-plated coating is applied.

[0024] Furthermore, the balls are made of high speed
tool steel or bearing steel, and the calcium zinc phos-
phate-type coating and the molybdenum disulfide coat-
ing are formed on their surfaces, and by doing so, even
when the ball and the ball, applied to a full complement
ball bearing, contact hard each other, the sufficient lubri-
cating ability can be maintained for a long period of time,
and as a result the reduction of the cost can be achieved
by substitution for ceramics-made balls, and besides the
development of the drag phenomenon can be sup-
pressed.

[0025] Furthermore, in the present invention, the ma-
terial of the balls is the high speed tool steel, and by doing
so, the hardness of the balls during the generation of
heat at the time of touchdown is higher as compared with
the case where the conventional stainless steel or bear-
ing steel is used, and therefore premature damage of the
balls which is an obstacle to the durability of a bearing
of this kind will not occur, and the durability of the bearing
can be enhanced. This advantage becomes much great-
erwhenthe presentinventionis appliedto the touchdown
full complement ball bearing as in the invention of claim
2 in which heat is generated by the friction between the
balls.

[0026] Furthermore, ascompared with the convention-
al touchdown bearing using ceramics-made balls, the
prevention of the drag of the rotary ring, the enhancement
ofthe adhesion of the solid lubricant coating due to ease
of the undercoat processing, and the reduction of the
cost can be achieved.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0027]

Fig. 1 is a front-elevational view of an embodiment
in which the present invention is applied to a touch-
down bearing for a turbo-molecular pump which
comprises a deep groove ball bearing of the full ball
type.

Fig. 2 is a cross-sectional view taken along a line
parallel to an axis of Fig. 1.

Fig. 3 is a schematic enlarged cross-sectional view
of a surface structure of a ball 3 in the embodiment
of the present invention.

Fig. 4 is a cross-sectional view showing an example
of aconstruction of aturbo-molecular pump provided
with touchdown bearings.

BEST MODE FOR CARRYING OUT THE INVENTION

[0028] An embodiment of the present invention will
hereafter be described with reference to the drawings.
Fig. 1 is a front-elevational view of the embodiment in
which the present invention is applied to the touchdown
bearing of Fig. 4 comprising the deep groove ball bearing
of the full ball type, and Fig. 2 is cross-sectional view
taken along a line parallel to an axis.

[0029] In this example, each of an inner ring 1 and an
outer ring 2 is made of SUS440C which is martensite-
type stainless steel, and a plurality of balls 3 made of
SKH4 (which is high speed tool steel) are disposed be-
tween these rings.

[0030] Microscopic pits and projections are formed by
shot blasting on entire surfaces of the inner ring 1 and
outer ring 2 including raceway surfaces 1a and 2a, and
a molybdenum disulfide coating is formed thereon.
[0031] Onthe other hand, microscopic pits and projec-
tions are formed on a surface of each ball 3 by shot blast-
ing, and as illustrated in Fig. 3 showing its schematic
enlarged cross-sectional view, a calcium zinc phosphate-
type coating 3a is formed, and further a molybdenum
disulfide coating 3b is formed thereon. As the calcium
zinc phosphate-type coating 3a, for example, one ex-
pressed by a chemical formula, (Zn2Ca) (P04)2.2H20,
can be used, and a processing process is equivalent to
an ordinary chemical conversion processing process,
and a construction involving the washing, pickling, wash-
ing, surface adjustment, chemical conversion, washing
and drying of a substrate can be adopted. In the chemical
conversion process, a solution of calcium zinc phosphate
corrodes part of the surface of the ball 3 (which is the
substrate) made of SKH4, and the formed calcium zinc
phosphate-type coating 3a is disposed in a biting-condi-
tion relative to the substrate as illustrated, and has ex-
cellent adhesion.

[0032] Athickness ofthis calcium zinc phosphate-type
coating 3a is not particularly limited, but the control of the
coating thickness is easier as compared with other chem-
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ical conversion coating treatments such for example as
a manganese phosphate-type coating treatment, and it
is not difficult to control the thickness to about 1 to 2 pm,
and therefore it is easy to maintain the roundness of the
ball 3 which is the substrate.

[0033] And besides, the microscopic pits and projec-
tions due to crystal grains are formed on the surface of
this calcium zinc phosphate-type coating 3a, and there-
fore the molybdenum disulfide coating 3b formed on this
surface has high adhesion because of an anchoring ef-
fect.

[0034] Inthe above embodiment of the present inven-
tion, even when the balls 3 rub hard against each other
during rotation, the molybdenum disulfide coating 3b on
the surface hardly peels off, and besides even after this
molybdenum disulfide coating 3b is worn out, the calcium
zinc phosphate-type coating 3a underlying it functions
as a lubricant layer, and therefore this will not lead to
accelerating bearing damage, so that the durability is en-
hanced. And, when the calcium zinc phosphate-type
coating 3a is used at high temperature in a vacuum, the
decay of crystallization water is gentler as compared with
a manganese phosphate type, and therefore an abrupt
deterioration of the coating hardly develops. And be-
sides, the ball 3 made of, SKH4 is covered with the cal-
cium zinc phosphate-type coating 3a over its entire pe-
ripheral surface, and therefore a sufficient corrosion re-
sistance is obtained.

[0035] Furthermore, high speed tool steel such as
SKH4 is used as the substrate material of the ball 3, so
that the strength at high temperature is high, and the
number of times for touchdown which is approximate to
that obtained with the use of ceramics-made balls can
be achieved, and besides because of the magnetic ma-
terial, the drag of the rotary ring by a magnetic field pro-
duced by the magnetic bearing of the turbo-molecular
pump at the time of non-touchdown is prevented.
[0036] Inthe above embodiment of the present inven-
tion, the hardness of SKH4 (which is the material for the
balls 3) in a condition of expected high temperature (200
to 300°C) due to heat generated by rubbing of the inner
ring 1 and outer ring 2 and balls 3 against each other at
the time of touchdown is about 5 to 15 HRC higher as
compared with the case where SUJ2, SUS440C or the
like is used. Therefore, a premature damage due to heat
generated at the time of touchdown hardly occurs, and
in cooperation with the high adhesion of the molybdenum
disulfide coating (formed on its surface) relative to the
ball 3, the durability of the bearing is markedly enhanced.
[0037] And besides, its cost can be kept to a low level
as compared with the case where ceramics-made balls
are used, and also when the bearing is incorporated into
the turbo-molecular pump, the inner ring 1 will not be
dragged by amagnetic field produced by the nearby mag-
netic bearing at the time of non-touchdown.

[0038] Intheabove embodiment,thereis usedthe type
in which only the balls 3 are made of SKH4, and the
calcium zinc phosphate-type coating 3a and the molyb-
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denum disulfide coating 3b are formed on their surfaces,
and with respect to the inner ring 1 and the outer ring 2,
the microscopic pits and projections are imparted by shot
blastingto the surface of each of the innerand outerrings
made of SUS440C equivalent to that used for conven-
tional ones, and then the molybdenum disulfide coating
is formed thereon. However, there can be used the type
in which the inner ring 1 and/or the outer ring 2 are also
made of high speed tool steel such as SKH4 or bearing
steel such as SUJ2, and a calcium zinc phosphate-type
coating equivalent to the above-mentioned one is formed
on the surface thereof, and then a molybdenum disulfide
coating is formedthereon. Inthis case, also, the adhesion
of the molybdenum disulfide coating is higher as com-
pared with the case where a molybdenum disulfide coat-
ing is merely formed after imparting microscopic pits and
projections by shot blasting, and the durability can be
enhanced. In this case, it is more preferred that the mi-
croscopic pits and projections be formed by shot blasting
before the calcium zinc phosphate-type coating is
formed. And, such inner ring 1 and/or such outer ring 2
may be combined with ceramics-made balls. Further-
more, with respect to the balls 1, bearing steel can be
used as their material.

[0039] Incidentally, in the above embodiment, there
has been shown the example in which the present inven-
tion is applied to the full complement ball bearing with
deep groove, it may be an angular contact ball bearing,
and furthermore the invention can be equally applied to
other ball bearings each with a cage than the full com-
plement ball bearing. Furthermore, although the high
speed tool steel used for the balls 3 is not necessarily
limited to SKH4, it is preferred from the viewpoints of
availability, the cost, processability, etc., that SKH4 or
M50 (AIS| Standard) or high speed tool steel analogous
thereto be adopted.

[0040] In a touchdown bearing which is not of the full
complement ball bearing but is provided with a cage, a
calcium zinc phosphate-type coating and a molybdenum
disulfide coating are preferably formed on balls and an
inner ring and/or an outer ring as described above, and
inaddition equivalent coatings are preferably formed also
on the cage. In this case, various carbon steels and oth-
ers can be used as a material for the cage.

[0041] Furthermore, in the above embodiment, al-
though the microscopic pits and projections are formed
by shot blasting on the entire surfaces of the inner ring
1 and outer ring 2 including the raceway surfaces 1a and
2a, there may, of course, be used an arrangement in
which microscopic pits and projections are formed by
shot blasting only on the raceway surfaces 1a and 2a of
the inner ring 1 and outer ring 2, and a molybdenum di-
sulfide coating is formed thereon. In some cases, the
formation of the coating on the bearing rings may be omit-
ted.

[0042] Furthermore, inthe above embodiment, the mi-
croscopic pits and projections are formed on the surface
of the ball 3 by shot blasting, and the calcium zinc phos-
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phate-type coating 3a is formed, and further the molyb-
denum disulfide coating 3b is formed thereon. However,
there may be used an arrangement in which the shot
blasting is not effected, and the calcium zinc phosphate-
type coating 3a is formed, and further the molybdenum
disulfide coating 3b is formed thereon. In this case, also,
as compared with the case where a molybdenum di-
sulfide coating is merely formed and with the case where
microscopic pits and projections are formed by shotblast-
ing, and a molybdenum disulfide coating is formed, the
adhesion of the molybdenum disulfide is enhanced, and
the wear resistance is also enhanced, and therefore the
durability of the bearing is enhanced.

Claims

1. A touchdown bearing for use in a turbo-molecular
pump having a rotor supported by a magnetic bear-
ing, wherein only at the time of stop of the rotor or
at the time of abnormal rotation, an inner ring or an
outer ring contacts the rotor to support this rotor,
wherein
a calcium zinc phosphate-type coating is formed on
at least one of surfaces of members that forms the
bearing and contacts other members, and further a
molybdenum disulfide coating is formed thereon.

2. The touchdown bearing recited in claim 1, wherein
of the members forming the bearing, balls are high
speed tool steel, and the calcium zinc phosphate-
type coating is formed on the surfaces thereof, and
further the molybdenum disulfide coating is formed
thereon.

3. The touchdown bearing recited in claim 1, wherein
of the members forming, the bearing balls are bear-
ing steel, and the calcium zinc phosphate-type coat-
ing is formed on the surfaces, and further the molyb-
denum disulfide coating is formed thereon.

4. The touchdown bearing recited in claim 2, wherein
the high speed tool steel is SKH4 of JIS Standard.

5. The touchdown bearing recited in claim 2, wherein
the high speed tool steel is M50 of AlS| Standard.

6. The touchdown bearing recited in claim 1, wherein
the touchdown bearing is a full complement ball
bearing.

7. The touchdown bearing recited in claim 1, wherein
of the members forming the bearing, the inner ring
and/or the outer ring are high speed tool steel or
bearing steel, and the calcium zinc phosphate-type
coating is formed on a raceway surface thereof, and
further the molybdenum disulfide coating is formed
thereon.
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